Background: Few observational studies have examined the effect of dietary fiber intake and fruit and vegetable consumption on total mortality and have reported inconsistent results. All of the studies have been conducted in the general population and typically used only a single assessment of diet. Objective: We investigated the association of fiber intake and whole-grain, fruit, and vegetable consumption with all-cause mortality in a Mediterranean cohort of elderly adults at high cardiovascular disease (CVD) risk by using repeated measurements of dietary information and taking into account the effect of a dietary intervention. Design: We followed up 7216 men (55-75 y old) and women (60-75 y old) at high CVD risk in the Prevención con Dieta Mediterránea (PREDIMED) trial for a mean of 5.9 y. Data were analyzed as an observational cohort. Participants were initially free of CVD. A 137-item validated food-frequency questionnaire administered by dietitians was repeated annually to assess dietary exposures (fiber, fruit, vegetable, and whole-grain intakes). Deaths were identified through the continuing medical care of participants and the National Death Index. An independent, blinded Event Adjudication Committee adjudicated causes of death. Cox regression models were used to estimate HRs of death during follow-up according to baseline dietary exposures and their yearly updated changes. Results: In up to 8.7 y of follow-up, 425 participants died. Baseline fiber intake and fruit consumption were significantly associated with lower risk of death [HRs for the fifth compared with the first quintile: 0.63 (95% CI: 0.46, 0.86; P = 0.015) and 0.59 (95% CI: 0.42, 0.82; P = 0.004), respectively]. When the updated dietary information was considered, participants with fruit consumption .210 g/d had 41% lower risk of all-cause mortality (HR: 0.59; 95% CI: 0.44, 0.78). Associations were strongest for CVD mortality than other causes of death. Conclusion: Fiber and fruit intakes are associated with a reduction in total mortality. PREDIMED was registered at controlled-trials.com as ISRCTN35739639.
INTRODUCTION
Prospective cohort studies have consistently shown that high consumption of dietary fiber (DF) 4 , fruit, and vegetables lowers risk of stroke (1, 2) and heart disease (3, 4) . In epidemiologic studies, dietary fiber has been associated with lower cardiovascular disease (CVD) mortality (5) and lower incidences of type 2 diabetes (6), some cancers (7) and inflammatory diseases (8) (9) (10) .
Fruit, vegetables, legumes, and grains are the main sources of DF, but some investigators have argued that the fiber content is 1 not the sole reason for the preventive effects of these foods. Different components present in their natural matrix may be relevant and even more important than their fiber contents. This possibility raises the interest of simultaneously assessing the role of fiber-rich foods and not only total DF intake. In addition, only a limited number of observational studies have examined the effect of DF intake on total mortality and have reported inconsistent results (7, 9, 11) .
Few prospective studies have shown an inverse association between fruit and vegetable consumption and all-cause mortality. In some of these studies, fruit and vegetable intakes were analyzed together (12) (13) (14) (15) , and fruit and vegetable consumption was inversely associated with total mortality. Contrarily, in studies in which the association between fruit and vegetable intakes were analyzed separately, results were inconsistent. In some of these studies, a high vegetable consumption or high vegetable fiber intake were inversely associated with total mortality, whereas no significant association between fruit consumption and mortality was observed (7, 16) . In other studies, fruit consumption but not vegetable consumption was inversely associated with total mortality (17) (18) (19) . These available prospective studies have been conducted in cohorts from the general population with low CVD risk, and some of them explicitly excluded participants with baseline diabetes or dyslipidemia (3) . To the best of our knowledge, no prospective study has assessed this association in a cohort entirely composed of subjects at high CVD risk. Furthermore, the usual approach in large cohorts has been limited to a single baseline assessment of diet. The need for updating the information on dietary habits by using repeated questionnaires has been advocated because the use of a single measurement of dietary habits at baseline may lead to an increased measurement error, unrealistic assumptions about the induction period, and, consequently, a potential attenuation of the true association (20, 21) . In this context, it is likely that the use of cumulative averages of intake, which reflect long-term diet, is more relevant etiologically than the use of either the most-remote (baseline) or most-recent diet. We used yearly repeated measurements of dietary information to investigate the association of fiber intake and whole grain, fruit, and vegetable consumption with all-cause mortality in a Mediterranean cohort of elderly adults at high CVD risk.
SUBJECTS AND METHODS
The current cohort study was conducted within the framework of the Prevención con Dieta Mediterránea (PREDIMED) trial, the design of which has been described in detail elsewhere (22, 23) . Briefly, the PREDIMED study was a large, parallel-group, multicenter, randomized, controlled field trial that aimed to assess the effects of the Mediterranean diet on the primary prevention of CVD (www.predimed.es) (controlled-trials.com; ISRCTN35739639). The PREDIMED study was conducted in Spain. Recruitment took place between October 2003 and January 2009 in Primary Health Clinics by their family practitioners. We randomly assigned 7447 participants to 1 of 3 interventions (2 Mediterranean diets enriched with extra-virgin olive oil or mixed nuts and a control low-fat diet). Participants were men aged 55-80 y and women aged 60-80 y who were free of CVD at baseline but who had either type 2 diabetes or met $3 of the following criteria for CVD risk factors: current smoking, hypertension (blood pressure $140/90 mm Hg or treatment with an antihypertensive medication), a high plasma LDLcholesterol concentration ($160 mg/dL or lipid-lowering therapy), a low plasma HDL-cholesterol concentration (#40 in men and #50 mg/dL in women), overweight or obesity [BMI (in kg/m 2 ) $25], and family history of premature CVD (aged #55 y in men and #60 y in women). Exclusion criteria for the PREDIMED study were the presence of any severe chronic illness, previous history of CVD, alcohol or drug abuse, BMI $40, and history of allergy or intolerance to olive oil or nuts. The intervention took place in 11 different centers. At baseline and in yearly follow-up visits, trained personnel performed anthropometric and blood pressure measurements and obtained samples of fasting blood.
Dietary assessment
Dietary intake was measured with the use of a validated foodfrequency questionnaire (FFQ) repeatedly administered every year. The validation study indicated a correlation between intakes of fiber, fruit, and vegetables on the dietary questionnaire and intake assessed on four 3-d dietary records of 0.66, 0.72, and 0.81, respectively (24) . The reproducibility was also validated (25) . The FFQ included 137 food items, and frequencies of consumption of food items were reported on an incremental scale with 9 levels (never or almost never; 1-3 times/mo; 1, 2-4, and 5-6 times/wk; and 1, 2-3, 4-6, and .6 times/d). Nutrient intakes were computed by using Spanish food-composition tables (26) .
Primary endpoint
The primary endpoint was death from any cause. We used the following 4 sources of information to identify deaths: contacts with families of participants, contacts with general practitioners who were responsible for the routine clinical care of participants, yearly consultation of the National Death Index, and a comprehensive yearly review of medical records of all participants by medical doctors who were blinded with respect to the group allocation and all nutritional information. All medical records related to endpoints were examined by the Event Adjudication Committee, whose (PI) 
Statistical analysis
Participants were categorized into fifths of consumption for each food group. The sample size was estimated by assuming a 2-tailed a error = 0.05, RR = 0.60, absolute risk (cumulative incidence) = 6%, and statistical power = 0.80. Under these assumptions, the required sample size in each compared group was 1327 subjects, which was covered with the number of participants in each of the extreme fifths. Tests for trend included all data and had higher statistical power. We used the residuals method to adjust DF, fruit, vegetable, and whole-grain consumption for total energy intake (27) . We excluded participants with total energy intake out of predefined limits (800 and 4000 kcal/d for men and 500 and 3500 kcal/d for women)
Baseline characteristics are presented according to fifths of baseline intake of DF as the mean (6SD) for quantitative traits and n (%) for categorical variables.
Cox regression models were used to assess the relation between categories of baseline fiber, fruit, vegetable, and wholegrain intakes and death during follow-up. We also analyzed separately the consumption of high-and low-glycemic index fruit (28) and, in addition, considered different causes of death. HRs and their 95% CIs were calculated by using the group with the lowest consumption (,20th percentile) as the reference category. The entry time was defined as the date at recruitment. The exit time was defined as the date at death or the date when completing the last interview was completed or 30 June 2012, whichever came first.
To minimize any effects of a variation in diet, we also calculated the average of food consumption by using yearly updated information for each participant from repeated FFQs collected at baseline and during follow-up after 1, 2, 3, 4, 5, or 6 y.
Multivariable models were adjusted for known or suspected predictors of death. First we adjusted only for age and sex and stratified by recruitment center. In model 2, additional adjustments for smoking status (nonsmokers, former smokers, and current smokers), diabetes (yes or no), BMI, and systolic and diastolic arterial blood pressures (mm Hg) were done. Model 3 was the same as model 2 with additional adjustments for the use of statins (yes or no), alcohol consumption (g/d), educational level (up to primary school, university graduate, or others), physical activity (metabolic equivalent tasks per day), and total energy intake (kcal/d). In a final model, we also adjusted for vegetable (g/d) and whole-grain (g/d) consumption in the fruitconsumption analysis, fruit (g/d) and whole-grain (g/d) consumption in analyses that assessed vegetable consumption, and vegetable (g/d) and fruit (g/d) consumption in analyses of wholegrain intake.
To test for the linear trend across successive categories, we created a continuous variable with the median value within each category and regressed risk of death on this variable.
Finally, we estimated the average of all repeated measurements of intake during follow-up (i.e., by excluding the baseline questionnaire and using only questionnaires that assessed dietary habits after the intervention) and created 4 joint categories as follows: participants whose intakes was low (lowest fifth) in the baseline questionnaire and did not increase their intakes (low/ low), those whose intakes were adequate (4 upper categories) at baseline but whose intakes during follow-up went down below the lowest baseline quintile (20 g for fiber intake and 210 g for fruit consumption) (adequate/low), those with low consumption at baseline but who increased their consumption beyond the rank of these same limits (fiber .20 g/d; fruit .210 g/d) during follow-up (low/adequate), and participants with an appropriate consumption in both baseline and follow-up measurements (adequate/adequate). Cox regression models were used to assess the relation between these categories and all-cause mortality after adjustment for the same variables mentioned previously.
Statistical tests were 2-sided, and P , 0.05 was considered to indicate statistical significance. Statistical analyses were performed with STATA software (version SE 11, 2009 ; StataCorp LP).
RESULTS
From October 2003 through June 2009, a total of 8713 candidates were screened for eligibility, and 7447 subjects were randomly assigned to 1 of 3 study groups. Of these subjects, 153 participants who were outside the limits for total energy intake at baseline were excluded. We also excluded 78 participants with missing baseline dietary information. Thus, analyses were carried out in 7216 participants.
Over 5.9 y of mean follow-up, 425 participants died. An analysis of causes of death showed that 169 participants died of cancer (40%); 153 subjects died from no-cancer, no-CVD death (36%); and 103 subjects died of CVD (24%).
The comparison of participants' characteristics according to their baseline DF intakes is shown in Table 1 . No differences were observed across categories of DF intake in the distribution of classical confounding factors. As expected, participants with higher DF intake consumed more fruit, vegetables, and whole grains and less refined grains. They also consumed more omega-3 fatty acids and less MUFAs. They were also more likely to use statins.
In our population, the most-frequently consumed vegetables were in this order: tomatoes; the group of lettuce, endive, and curly endive; and the group zucchini, eggplant, and cucumber. The most-frequently consumed fruit was as follows: the group of apples and pears, the citrus fruit group (oranges, tangerines, and grapefruit), and watermelon. Finally, main sources of cereal fiber were whole-grain bread, white bread, and pasta. When fiber intake was considered as a whole, main sources of fiber were whole-grain bread, apples and pears, and the citrus fruit group.
Age and sex-adjusted and multivariable-adjusted analyses showed a significant inverse association between baseline fiber consumption and all-cause mortality ( Table 2) . Compared with the lowest group of DF intake, participants in the highest fifth of DF intake had 37% lower RR of death. In separate analyses for the consumption of fruit, vegetables and whole grains, the inverse association was similar for the consumption of fruit, but results neither for vegetables nor whole grains were significant.
After follow-up, we showed higher fiber intake because of increased consumption of fruit, vegetables, and whole grains that was reflected in higher values for medians of the first quartile for 4 nutritional variables. In the cumulative analysis that used repeated measurements of diet, we showed significant inverse associations of DF intake and fruit consumption with all-cause mortality in age-and sex-adjusted models ( Table 3 ). The association became nonsignificant in the fully adjusted multivariable model for total DF intake, but it was still significant for fruit. When we compared participants with updated fruit consumption .210 g/d and those with consumption #210 g/d (below the first quintile at baseline), we showed an HR of all-cause death of 0.59 (95% CI: 0.44, 0.78) in the multivariable-adjusted model.
We also compared participants who were below the first quintile at baseline and exhibited no increase in their consumption of fruit (or further decreased it) during the intervention compared with subjects who had an appropriate consumption at baseline and maintained it during the intervention (Figure 1) . Participants who had low baseline fruit consumption and also low consumption of fruit during the trial had an HR of death of 2.64 (95% CI: 1.67, 4.17) compared with participants with adequate consumption both at baseline and during follow-up. HRs for other combinations of baseline fruit consumption and changes during the trial are also shown in Figure 1 . Participants with low fruit consumption at baseline but adequate consumption during followup had significantly lower risk of mortality than did participants with steady low fruit consumption (HR: 0.62; 95% CI: 0.38, 1.00; P = 0.049). Regarding dietary fiber intake, compared with the reference category of adequate intake both at baseline and follow-up, participants who had low baseline intake but increased it during follow-up showed significantly higher mortality risk (HR: 1.42; 95% CI: 1.03, 1.95), as did participants with steady low dietary fiber intake (HR: 2.18; 95% CI: 1.45, 3.29).
In additional analyses by the specific cause of death (Table 4) , the significant protection provided by fiber intake and fruit consumption was apparent only for CVD mortality. Participants in the highest category of fiber intake showed 54% lower risk of CVD mortality than that of participants in the lowest fifth of fiber intake (P-trend = 0.059). Also, participants in the highest fruitconsumption category showed significantly lower cardiovascular death risk (HR: 0.44; 95% CI: 0.22, 0.89).
DISCUSSION
In our study, that included elderly adults at high risk of CVD, higher baseline intakes of fiber or fruit were inversely associated with all-cause mortality. The observed dose-response pattern was compatible with a threshold effect. Thus, a person who consumed $210 g fruit/d or had fiber intakes of $20 g/d exhibited significantly lower risk of death. In our models, we adjusted for the more-important risk factors, and estimates did not substantially change. We observed reduced risk of death for participants who had low baseline fruit consumption and increased their consumption during the trial compared with for participants with steady low fruit consumption. When we analyzed separately low-and high-glycemic index fruit, we observed no substantial differences between both types of fruit. The observed reduction in all-cause mortality was mainly driven by reduced CVD mortality. We did not show any significant association between vegetable or whole-grain consumption and total mortality. This result might be explained by the already high consumption of vegetables in our population at baseline (the lowest quintile of vegetable consumption was 224 and 220 g/d for women and men, respectively) and low between-subject variability in whole grains in this population who consumed almost exclusively refined cereals (mainly white bread) (28) .
Our results for fiber intake were consistent in direction and magnitude with those from other cohort studies (7, 10, 11, 30, 31) (ORs between 0.57 and 0.96) and in the same direction but with a greater magnitude for fruit consumption (ORs between 0.79 and 0.92) (14, 16, 18, 19, 32, 33) . The results also were consistent with results for vegetable consumption in these studies; only Adjusted for age, sex, smoking status, diabetes, BMI, baseline systolic and diastolic arterial blood pressures, and intervention group and stratified by recruitment center. 4 Further adjusted for use of statins, alcohol intake, educational level, physical activity, and total energy intake. 5 Further adjusted for vegetable and whole-grain consumption. 6 Further adjusted for fruit and whole-grain consumption. 7 Quintiles 1 and 2 were merged because of the large number of participants who did not consume whole grains. 8 Further adjusted for fruit and vegetable consumption.
Sayoun et al. (16) and Lenders et al. (34) showed an inverse significant association between vegetable consumption and allcause mortality.
Large cohort studies conducted in the United States and Europe (7, 9) showed a strong linear trend for the inverse association between fiber and mortality. In our study, we showed a threshold effect between the first and the second quintiles. The consumption observed in the PREDIMED trial was higher than that observed in these surveys. Concretely, participants in the PREDIMED trial in the second fifth of fiber intake consumed already .20 g/d, whereas in other studies this amount of fiber intake was reached only by participants between the second and third fifths (7) or between the third and fourth categories (9) .
It is known that a steady state plasma concentration of vitamin C is achieved at a dose of 200 mg acid ascorbic/d, but between 100 and 200 mg acid ascorbic/d, there is little increase in the plasma concentration (35) . The fruit consumption in our study was higher than those observed in other previous studies (16, 17, 34) but similar to the reported amounts from studies conducted in Greece (18) , Italy (15) , and Spain (36). Agudo et al. (19) , in the Spanish cohort of the European Prospective Investigation into Cancer and Nutrition study with fruit consumption similar to that All values are medians. Medians for each group were calculated by using the food residual (energy-adjusted) model as proposed by Willett et al. (27, 29) . We computed residuals of food intake by removing the variation caused by each individual's total energy intake; thus the food intakes of the individuals were regressed on their total energy intakes. We added a constant (the predicted nutrient intake at the mean total energy intake) to the residuals from this regression (differences between each individual's actual intake and the intake predicted by their total energy intake, with mean ¼ 0) to obtain energy-adjusted intakes. Adjusted for age, sex, smoking status, diabetes, BMI, baseline systolic and diastolic arterial blood pressures, and intervention group and stratified by recruitment center. 4 Further adjusted for use of statins, alcohol intake, educational level, physical activity, and total energy intake. 5 Further adjusted for vegetable and whole-grain consumption. 6 Further adjusted for fruit and whole-grain consumption. 7 Further adjusted for fruit and vegetable consumption. in our study, showed an inverse linear trend, but after the second fifth (median: 225 g/d), a threshold effect was suggested.
Some investigators (20, 21, 37) have postulated that the cumulative average of nutrient intake represents better the longterm integration of dietary exposures and helps to minimize any effects of within-person variations. Unlike other authors, we did not stop updating the dietary information after an intermediate outcome occurred because our participants had risk factors before study entry (e.g., dyslipidemia and diabetes). Also, we assumed that nutrient intakes before and after cardiovascular outcomes were equally important regarding death risk. Nevertheless, we are aware that this model likely underestimated the magnitude of the inverse association between nutrient intake and death (20) . We showed an inverse association between fruit consumption and total mortality in the cumulative analyses. However, the inverse association in multiple-adjusted analyses was not statistically significant for fiber intake, although the magnitude of this association was similar to that shown in previous studies.
Our participants received an intervention that encouraged the consumption of fiber, fruit, and vegetables, and we did enhance the consumption of these 3 elements, and thus, the contrast between the lowest and highest categories in the cumulative analysis was narrower than when we used only baseline dietary information. Thus, the narrower between-group contrast after follow-up may not have been sufficient to detect a significant association. Moreover, the median in the lowest fifth with updated information was higher than the threshold shown in the analysis with baseline information. In contrast, in our cumulative analysis, participants who consumed highest amounts of fiber at baseline (probably reflecting that they were high-fruit consumers during most of their previous lives) were considered together with participants who increased only recently their fiber intake, and this merging of both types of participants could have brought on some degree of misclassification bias. This possibility could explain the nonsignificant results observed in multiple-adjusted cumulative average analyses. Neither the baseline nor cumulative consumption of vegetables or whole grains was significantly associated with mortality. Very few studies (16, 34) had shown a significant association between vegetable consumption and total mortality.
Wang et al. (38) recently assessed, in a meta-analysis of prospective studies, the association between fruit and vegetable consumption and all-cause mortality. They reported significant reductions in total mortality and CVD mortality for fruit or vegetables, but they did not observe any significant association with cancer mortality. Some investigators (39) think that only some vegetables or some specific fruit are associated with risk of cancer.
Our data were consistent with a wealth of existing studies in supporting the health benefits of fiber and fruit consumption; indeed, clinical trials have shown that both elements have beneficial effects on some intermediate markers of chronic diseases. In a subsample of the PREDIMED study, DF intake after a 3-mo behavioral intervention to enhance the Mediterranean diet (40) was associated with significant reductions in body weight, waist circumference, systolic and diastolic blood pressures, and fasting glucose as well as a greater increase in HDL cholesterol. In addition, when changes in the consumption of soluble DF were specifically assessed, participants in the highest category (.80th percentile) also showed a significantly greater reduction in serum LDL-cholesterol concentrations than did those ,20th percentile.
Fruit and vegetables contain a wide array of nutrients and phytochemicals that may act together to produce a benefit; vitamins, fiber, and minerals may confer cardioprotective, anticarcinogenic, anti-inflammatory and antioxidant properties. Rissanen et al. (14) showed that intakes of energy-adjusted folate, lycopene, and vitamins C and E explained 28% of the protective effect of fruit, berries, and vegetables against all-cause mortality. However, other nutrients besides them may be driving the association of fruit and vegetables with mortality.
The current study had also some limitations. First, the method used for dietary assessment was an FFQ with the potential for misclassification bias. However, the FFQ was extensively validated, and the cumulative average estimate of consumptions may have been more robust than with a one-time assessment. Second, residual confounding might be a possible explanation of our findings. However, we have adjusted for many possible confounders. And third, the generalizability of our study results is limited because all participants lived in a Mediterranean country and were at high CVD risk. Our study had the following important strengths: a large sample size, the relative homogeneity of participants, the prospective design, the use of repeated dietary measurements during follow-up, and adjustment for a wide array of potential confounders.
In conclusion, fiber and fruit intakes are associated with a reduced rate of total mortality. To the best of our knowledge, this study is the first to provide epidemiologic evidence with yearly repeated measurements of intake that increasing fruit and fiber consumption is associated with decreasing risk of all-cause mortality.
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